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METHOD THEREOF 

(57) Abstract: 

PURPOSE: To decrease the effect of misfit transfer as 
much as possible brought about during the formation of 
heterojunction to the atmost by a method wherein the 
energy band gap of an emitter region and a base region 
close to a base emitter junction is to be successively 
lessened in the direction from the emitter region to the 
base region. 

CONSTITUTION: The title bipolar transistor is provided 
with one conductivity type collector region 13, another 
conductivity type base region 12 forming collector-base 
junction with the collector region 13 and one 
conductivity type emitter region 11 forming base.emitter 
junction with the base region 12. On the other hand, the 
energy band gap of the emitter region 1 1 and the base 
region close to the base.emitter junction is to be 
successively lessened in the direction from the emitter 
region 11 to the base region 12. For example, the 
emitter region 11 and the base region 12 close to the 
base-emitter junction are to be composed of a mixed 
crystal of Si and Ge while the concentration of Ge is to 
be successively increased in the direction from the 
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(2) 

1 

*£g*£<k 3r=Srfli L> -<-*3i 5 y *S£i£flf0>:r. 5 2/ * 

r 4 k -f* FT?^**. ' 10 

[ft** 2] -iravya^ftftSa^^W 

— 7 h7>^?. 20 

>&nm<D^$.v?mi&k&Mcffi^. ^s.-ytmanRv^ 

y =» v J: 0 *^£*0/hS^5E*a*&SixT^3 r. t Sr 
#a£-T5fit**3f5«cQ/W #-9 h5^?. 
[ft** 5] —iHM13!©=*u 

fcrtasKSt/-**— *®*£<h ^31 5: y 

y^«*aT/^—^««o»9 y =»v*»e>* 40 

[IS** 6] ^-^ffi^coSSSB^tcglS-rS^L'^^ 

5 IE«t«>y<-r>K-5 h7V^?, 
[19**7] 315 y4'«l**ffi3S»6'<— 

»»t-rsW*JJl5XH:»**6E«ro^j|?— 9 h9 

>v?**„ 50 



4#Bfl¥ 5 - 1 4 4 s 3 4 

2 

[»**9] -Iii->y=yi>5>)i53i'?^i)i 

3 u^^^«|;i8Lt 3 l/^ «(t WPIIC3 f 

— ^^K-tt-y/l^^AriSjagEU >7*/W3ir>A<Oig 
[811**1 0] 

v-y = VJ:0*^lE*©/h3^5G*a*&*;IX-CV*ari: 

[ff!**l 1] -±«aB«d»&-»«a!<oJSl'**, fife 
^*®T'^.l ttttJ: 9fc*tt***fc*-f 5*2f|«, 

V^2©WPKlt»U*i«, ^2<D^P±<9— ^cmSSr 

4 tttt&gjft-t-S* 3 C0X@£A« 
t51 tSr^at-TS^Wa?— 9 H9>v : ^^wS!{jt^r 

[fi**i 2] ^2coxsic*jv^, i/y3^7= 

v^5C4Sr*!Fai-r-5fi**l llE«ro/M^-9 N9 

lit#JSl 3] -r^^W®l<Ogap*^'Xc< ifc^l 

1 2 3B«<0>'-W#— 7 h9>v?^*<0«i5S^&o 
[it** 14] — **ffi«*»&— *«SI©JII1**, f& 
1 ffi^i 5 «r*TT*» 2 «*. 

M^ms-cm 2 k> ss^*e^fflap?r^r-f-5 ^ 3 
y => ^s^o-i*E±tcn p sr^r-rs^* ^ 

ic^oTy^^^Arojsa^iigctiAn-r-sv'y 3>y 



(3) 

3 

P n«*««i/y 3^t= jrAM»»C 

[»*35151 S2£>X&te::fcvv£\ ~>y zrv^/u-e- 

1 4E*<D>'<*f 9 h9 10 

Mlt5^i:S:*M»tt5J(»*«l 4XteSt*JSl 5 IE 
[0 00 1] 

[Kat±OfiJffl$»F] *»Wtt^>f N9>-^ 
[0 0 0 23 

blCttirZBiCUOSV- b<D9ffl£&^&imi*X^<tL 
»(cf±, MOS F7^^i[aai:/M#-7h7^ 

ffilEftOffif^(l#V^MOS b 9 b ^> KM 

[0 0 0 3] KjS^jK— 7 h7^^0- o(C s -< 
^fDg^^-7h7y^^^fc6, -^ogs^ 

>^ ^— 9 h9>>^^m^ -/^ . ^g^co^T 1 

[0 0 0 4] fi£3fe<O^^P^&^#--9 
a>»5gtt, v/y 3 y^=^fi| (Sii-xGex) 

T^£ 0 [H<f'CD2fin+ MS i<D^\s? ?<m$L, 3 f* p 
SSit-xGex^-^ 4ttn+SSiOi;y 

**«ffi-e*>5o ^S®iSii-xGe x 50 



^IB¥5- 1 4 4 8 3 4 

4 

#-9 h9v^^<0i«a{MS*a-C»#5. 

[0 0 0 5] i/y (S i !- x G 

ex) &-<-*t Lf:^fn^V^7 h7>^ 
*tt* 0«J^(^4#gB¥l-231371^-(c|E«c^i^TV^6o 

[0 0 0 6] 

^^OSttffi**iCv'y ^v^yvu^^AOft^FFfi 
7^^ ^i^ittt <t »JE<0ffiT^ft««E*t*0>fflB 
[0007] Hftfc:, ^yayt^/^^^ftw 

<7>3B£M:S i */<>f #—9 F7>y^^f:^y n>-y/u 
?A*SjSI (Sii-xGex) iV^^nfcftRSrW 

[0 0 0 8] ^ng^SrTB/S-rSIB 
[0 0 0 9] 

9 h9>^**^4$«£i-5»rittt, * 
/v>*e—s<> K¥ty7^; yfm&frb^— 
[0 0 10] *$8WV#— 9 b7>i/X*<Dftmt-f 
5 y^«*Xtf^— ^ffl*3fisvy ^y^^?^ 

< t fc f4->y 3^«t 9*^*»«>/hSV^5c* 
[0 0 11] ±KBW*»*-f-S**W^*-9 H9 



5 

tiX 9*#<-T6r fc, fttfxSy^ift5U*ici/y 

[0 0 12] 

[0 0 13] JStd, ^^y^fiBtttfflltC/S^K^-iry^S: 

#*s<*9, ««E*i«*^^±stb. ^vr 

[0 0 14] *389!<ZV*>f aK— 9 h^Vi^^fcttfci&Jb 
/U-v^^iftfi (S ii-xGex) SM*tf>ffi«J;9:*#< 

[0 0 15] S««S(cK* (c) ^At§:tlt 
«*a^> y is*?v>\>-*~ * a t m 1: < ivfle<7>7c*-e« 

«Wt;i 9, a»ovy=i>J;9t>*****M*S 

[0 0 16] aS*E3Ean«oy =>J:9 fctt^S* 

#»*tt:5c*<o«* (C) J:9t>f*>*-&ttS:»*fc 
ozo^^i (#];U4#d >- (B) (N) ) CO*" 



(4) «IB¥5- 1 4 4 8 3 4 

6 

T^v-y 3^yyU-^=^A«*K»LT?¥«|^b (re-con 
struction)dSS*"C-fc5fc*. j»*Sr»Ai"5 <fc 9 fc 5 
-/ h*EffiiO»MlcJ;9*:#ftj»*^*>S. 

[0017] v-y =rvy/u^^>?^?i^-<-^co«§/^ 

*«*SJB^«Sr'iS*fS- <kl4, ^ 5 s> * • 

ihU • n l^*S^K:fcttS y-^®Sf£<7)3§£ 

10 Srffi«i-5a**sfc5. 
[0 0 18] 

[jgffi#j] sit. *mw<DmMm&mm*m\,^xmm-t 

[0019] 1 

b"C^6 0 il©(a)lt/W*-7h7^#(^)I 
jfeBS:, (b) (4, /^^-7h7V^^(Oi/yny 
20 (Si) ^iCftlta^^^A (Ge) tf>»&5MiJ 
Sr. (c) f4, »&S:»ric-r*Bft<079y Htt« 
iDx^-/<yKl^ % (d) (4, fniDSjX^iDx.^ 
atTO^/u^—^V KOttffiSr, (e) 14, EP*D®j£ff$ 

<^^/u^-y<>- K^ttffiSr-tn-eix*-ro (c) 

Ltni/^^i*i 3^— Sitv<y K^y^SrSft 

30 -C&So (a) K*3^T, Mftx'yj'ti, 15tt 
1 6 {4 = ^iit'^So 
[0 0 20] 02 (ill 1 <D%W^\<0^m\ t lt<^^ 
#-7h7y^^Sr/TLtv^5o 820(a) (4, C 
y=V(Si) tfiC^oft^y/^^^^ (Ge) ir^sSi 
(C) ^fiSM^f t, (b) f4, Rl*PffiJESrJD^6 

^Si (C) Sr^5y^««rt«^*Ai-5w^lcJ:o 
<fc 9^^ • ^S-g-f+ifi^feftSflBm^fflr^ 

40 pTtg^/W^— 9 h5^^** s HaSix5o 

[0 0 2 1] H3ttHlo|SJfifl»joft<c6S3eW<!: L"C 
^)/<>f hy^^^SrSLtv^S. (a) (i. > 
y^y (Si) tp^^oft-Sy/^-!?^ (Ge) *3iV 

(B) tmm (N) <Z)»«»**«U■CV^5 0 
(b) 14, BMSflE*ax.4«J<!0x*;u*w<y K(Ott 
M^UP5 0 rcoj: 9 v-y ^> (Si) J:9fc 
j^i£gO/h£v^n v (B) i^* (N) Sr^Ss'* 
rta5(c^A-r6C.i:{-J:or. J:9^5y^ • ^» 
-&f+-ifflc*Dft5ffi*^-fflf^<y hSr^:#< It, 

50 MmwmHfciVKiSilifpRr**^^ *-9 Y=7^^^ 



7 

nmm 2 

[0 0 2 2] (a) tt¥BBB-Cfc9, (b) ttBrffiH"? 
fc5 0 H 4 2 2 i: x 5 y ^ 2 1 

BffWiC?gfi6Sixfc^!; ^^ff/u^r (S i !_x 

Ge x ) ««2 4C0*ffi«S:3i^ y^«*2 l^SlOH 

3tt3^^«, 2 5ttx5y#tS, 2 6 fi-<— ^ 

2 9 i temmfemmmtm, 292 ttate^^Mrc* 

[0 0 2 3] H 5ttlS4<7>A<>f 9 h 

[0 0 2 4] (a) iCfc^T, SiSS2 0iCn+i 20 
ii»2 31in- = 2 3 2 L^-f tf?— 9 h* 

9 > S** * *>*B»«*Jbfc: 7 -f —iv HIMU* 2 8 SrJBfiR 
-T6o — *fcttPS^— *««2'2 l&^riEU ffi^tc 

(b) M^-C, ^tg2 9 1^MLTS^«^ 
p Ly/^^^-^S:>f rf-vlT*>ji*-t"5o (c) \cis^ 
-C, ^«^'<-^5l#ajL««2 2 2Sr»ricb-CIMk: 
£29 l<©BBPffi£&»Lfc«t:#Ji£fiv'y ^>251 

=3>-2 5 i srAox^-^o (d) tctev^x, mm&feitm 

ttffcteit^— *«#2 2 i^.^#«S^y ^vfxoat 
*o«^itlkS:tT5. *«K*mift»ffl«flsR2 9 l t 
*BBicftfb«2 9 2(OBfft«*SrH|qU-C, #»ft^y 
3y2 5 1±l:xv^li2 5 2S:, ^51 # 

ffiUB«2 2 2±iC-<-^mfii2 6 Sr. £ b(C=r 
?lffflLS|i«2 3 3 _LMn l/^^lg2 7^Mt6 0 

[0025] H6-I1 m4<Dmmm^Mmt ut^ 

BBH-e*>9, (b) Ht«ffiH-e*>5. r<D9EJg«ttia4 
itfc^T, C/Jayy^x^Sfi (Sii- x Ge x ) 
S«2 4^3U^S«2 30n- 3l/^^f2 3 2(C 

~*-fcR* (Six-xGex) *«2 4#'<-^{|«2 2 
*3±t)«3 U^^««2 3ic£T*£fc7^oT#£LT^£ 

[0 0 2 6] 12 6 9 h7>v^^^ 

Si^XgSr^LTV>5o 50 



4#§l¥5- 1 4 4 8 3 4 

8 

[0 0 2 7] (a) (C&^T, S iM2 0±Cn+ I 
&/■ 231tn- =H/^^i2 3 2 U' 
9 h9>'v ; ^^OHgi!i®«±iC7^--/uK^a2 8£ 
J&titrt&o 7>f-/UK»b«2 80ttV^fl]ff«-Pffl'<- 
^122, = l^*5l#ttiUBn+ ffi««2 3 3S:JBjfi 
-T5o (b) KteV^T. i£{fcM2 9 l«:»rtL-CjJf*« 

^u-^- ^^^^-v^ n - 3i/^^i2 3 2itttAS 
^5<t 5«c><7hvfr*,ji*SrfT5o (c) ictevvf, ^ 
tt^^-*3ISUL««2 2 2HMITM2 9 
l(OHlP«*lt«Ufc«-e#jlS*^y =^2 5 lSr*« 

^tt, BBP»S:«l5J:3lc#j|*fti/y 3^2 
5 1 ^JtJPXt-^o (d) icfcvvc, *ffiS36ft«2 9 2 

±^-^2 2 1^0#ttfiixy a^if 0>flfci|i<D« 

v^tttt«:f?5. ft«(c«mil6lftffiKfUR2 9 l <hSffi^ 
3£fbBI2 9 2O0r*«««:BBP Lt, #»* y '= V 2 
5 lifca:* y*mM2 5 2^ ^»^<-^§l#fflL« 
«2 2 2±(^-<-^S«l2 6«r, $ blc xr \st $ 31 # ffl 
Lffi«2 3 3±l:=^^tl2 7Sr?FM-r^o 
[0 0 2 8] M4<nMMffl<n{tiL<D$£Mfflb L"C 

2 l*3«fct5'>y ayy/^x^^fflfi (Six-xGex) 
WC2 4 0>«S(C«* (C) Sr^A-T^r <t^«FgS:<t L 

ASK. i/y=i^J:Ofc»^-*»«>/hSv^«* (C) £ 
^Ai--5wtr*SfP$ix. -tcoftAi/y-a^y/u^^!? 
itSA (Sii-xGex) ^il«t«^7^y 

btefito**«s«*$ix-c*je*i/y xiv2 5 i t^s 

[0 0 2 9] (a) MjoV^C. S iSK2 0±l£n + a 
iiJB2 31tn- 31/^^12 3 2WU<^^7 

^i-5o -*UiP^-xl2 2 1^Mt, 
(in u^5l#tH §B«*2'3 3 3r7B/£i-5o 

(b) (C^o^T, IMJR2 9 1 «r»rtUTi3f*M*S:HI 

fpfflcoe?^ (O «r-f*virt>a*-r5 B (c) 

^as-^^^— ^5l#fflU«*2 2 2SrJBjScUT»fb 
12 9 i<oHP»«rtl:3RLfc«"e*«fti/y =^251 

BSPfflSfclf 5±5«-#JSfi'>y =»>2 5 1 S:*0X 
-T5 0 (d) K*5V^T, «B£*fltft2 9 2«rtMSK 

122 i^o#«fis/y n^^^at^c7)^^a:^$rtT 

9 0 ^^>^F, ^SSi-J^* (C) cO^StlfcS i i-xG 



9 

mm<km2 9 1 t&m&&tm2 9 2a>Bfje«*2 1 1 

SrgBPLT, *»flS/JJ =i>2 5 1 ±tC3i5 y^««2 
5 5:. ^tt^— *§l*tiiLfii*2 2 2 JiK:^— J*«ffi2 
6Sr. S6JC=aU^^_§|#mb«*2 3 31C3^^ 
•B2 7«r«riW5. 
[0 0 3 0] H9tt, H4<DHJfi«iJco3E{cS/ < c5^JB0iJ 

i/TL*CV^5 0 . CO/M#-7 h7>i/^*tt, =^^ y 
9ffi&2 l*3<fcWy = (Sii-x 
Ge x ) *«2 4<0«lK#o> (B) (N) Sr 

»Ai-5££Sr#«i Ltv^ 0 *>y = ^bPt^-V 

»co/hSv^BtNSra»Ai-*^i:"CjRSi$lx, -t^tt* 
->y 3 V^A'-e^AJftfi (Six-xGex) C^ffiJlf- 

[0 0 3 1] (a) tCjo^T. SiSfi2 0±Cnf I 
ihM2 3 1 i 11- 3V^^|2 3 2Sr®fiKL^*— 7 

^i"5 0 — *(-i3:P§!-<— *J1 2 2 1 SrJgfifcU 

(b) tr*5^-C. *fbK.2 9 1 Srje*LTBfJ£«#«:H! 

ftffl^B £NSr-f ^^tt^ii*--***- (c) d&V^T. 
*MB^O^<— -X3l'#ttlU««2 2 2«LtgM2 

au .y* k— tr^^flKo***^*^^* 

5. (d) iC&^T. *iBftftft«2 9 2£rttBE«. f£ 

2 2 i^©#iB»i/y 3^+(oak*<o»v^ttifcS:tT5 0 

CLC9B#, ^BJfSCB, NOt*ixfcSii-xG-ex:BN 
a>&*Stfc*Ui2 1 l3fl«»j*Six5. ftftlcJimfeflUB 
ttfcK2 9 1 fc*B£3feft«292(OBf3£««S:BIJP U 
"C, #ttfii^y 1 ^ y ^li2 5^, ^ 

*B^— ^5l#ttjbffl«2 2 2±«C^<— ^«1S2 6*, £ 
P)l:^u^?l#tUlffl«2 3 3±K=u^*«£2 7 

[0032] iioii, ia 4 <Dnt&m<vg.ic{&<Dm&&i 

*««*3<fctf>'y 3yy;u^^S a B B (S ii-xGex) 

tt, i/yayiDfctt^tfttO/hSv^* (C) Sr^A 
A(Si l -xGe x )^iIC5S4t§^7>f y 

<o«**s«^*n-c*ii*«*>y 3^251 fcai.s 

«2 l^«*«B«iibNt5**«H*oift±|cjai*t«#i- 
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xv^giSJoit/^y^y^/^^AIfB (Si 

asfiijKrcsafc*. xa^BiWfca 5 prist fcofc« 

[0 0 3 3] (a) tCjo^T, S iM2 0±Cn+ S 
iii23Un- 3Ui7^i2 3 2WL^^7 
10 H9>'^^OllB»««c±JC7-f-/i'KiWbBt2 9 IS: 
MlfctZo -^^PS^^I 2 2 1 SrJFMU fife;* 
Kfcfca l^*9l£tiiUflN+S[««2 3 3&j&tfL-t&„ 

(b) ^isv^-C, IMtB!2 9 lSr«rtL,-Ciff3e«*SrBII 
p L^yu^^»?^Sr>r^-viT^iA^-t-5o (c) K*5^ 
t\ 0^<— ^5ltfflU««2 2 2S:Jg«bTS!{b 

«2 9 l^H!P*BSra:3li-Swi:*<, m B B vy=iy 

^fpffio^^ (C) S:>ftyff%ii*t5. ^tt, M 
P S&SrB 5 <fc 5 K y = >25lSrSDX-T 5 0 

20 (d). K*3^-C* SI^ftK2 9 2SrttK1£* 

Srbxft^i^*n/c-r^->ostt{k:^i:u ? -<-^ii2 2 

l^^Svy =» v*oflfc*0>«^ldftS:ff 5« 

h#, mmm2 1 im^si (o co^stbfes i !- x g 

e x : Cd»&ft5tt««2 4^?gj*SiX«o ft^iCg^ 
*6iftffl8£{fc£l2 9 1 i:*ffiSc*{bK2 9 2<0jJfi£«*S: 
HI PUT, ^^y^y2 5 1ilcxv^t)i2 5 
2 Sr. ^K-^?|#ffltffi*2 2 21(^-^112 
6Sr. £t>tc=tu? ?3\%mvm&2 3 3±lc=n^* 
««2 7Sr?EfJ«-rSo 
30 [0 0 3 4l-.4Sb\ #Jifi (C) <7)>ftt>9tCC/y 

t>*^**<0/hS^#n>' (B) t^?g (N) (DZL^tm 

[0035] 01 Hi. 19 4 oH*Wo»]<A2E?BM <^ L 
v*5o ro/W#-?h7>"^*lt ^5 

iVv'yayy/I/^^Aafi (S i^xGex) 

*Btw«* (C) **At5itS:»«iltv^ H 
3, 4, 5atf6tH«i:, i/y^y^/^^O 
*^«E*KJ:Stt»Sf4, S/y3^i9fc*^3e»<0 
40 /h$v\KSi (C) Sr*Ai-5wt-e«ftSJx, 

i/y a^y^^fifi (Sii- x Ge x ) 2 4<0^ffi 

*->y =3^2 siix^ y*««2 io^SSi:^it5 
««»ttOf6i±{ca*Sr*»-rs 0 fc«L, B10 to 
(C) Sr»Ai"SXSi:3:5 i/^«*2 l'S: 

ff^^5xaoPi^iSic^oTv^^-es>«9. wcor 

ttaot, y/u^zzr^A (Ge) i^^(C)Sr(^^(- 
»*fti-4rt^a*afc«>, Sii.xGex:C^6/i 
S»«>tt*tt^|fiJJiL, «»(C)Sr#Ai-S»*^J:9 
50- if{:^5 Q Sfelc«*(C)Sr*A-r5wfclw±9. » 
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5 ^?S«2 ifeitfv/y ayy/UT^^i^iifi (si 

x-xGex) ffl«2 4<7>^S«ij<Offi«cO*£££|^-{£L 

»Srt4:«i-Sxa3iS»JI»-e*«fc*, I^ffiiSft^W 

[0 0 3 6] (a) tCjfc^T. S iS«2 0±iCn+ ffl 
ii!2 31in- 3 2S:JKfiKL^2ff— 9 

t7^# oSg»j®^±tc 7 ^ -/u KRfcR 2 8 Sr» 
j£-f5o IMb^ 8*^**fcLTPffl^—*Ji2 2 1 
ftt/3i^*5l*a Wfln+3!*«2 3 3 «r»/*-**5« 

(b) tr*5vvt\ KfW2 9 lS«fifcLTBffi««Sria 
niy/^^^^tyfr^t^o (c) ic*5v^ 

^W^-^ ?l # til tffi« 2 2 2 SrfM L t^t 
l2 9 1^PSP?rttit5ri:^U^ l£££ttft/i! 

«fcoTj|£*{t«rfT5o wO*J#, «SJItc^» (C) 
itlfcS i x-xGex : Cd*&ft51t»»^»«* ix* 0 

(d) i^is^T, #g*v'y3y2 5i*«au ^ 

BBPSB5Sr«5<t 5{C#jgfa>'i; =i^2 5 1 SrJBX-T 
<5 0 ££>M> *B*jete«2 9 2&ttR«« *M&3*L 
T^^iA^n^^^^cof£^b*3J:U : -<-^^2 21^ 

y ^vfxDttiUcoiS^ttlRfcfrp. 
ffllfilftffllfc{bR2 9 1 tmm^itm2 9 2 0>JJr««* 
MPlt, #«fi*>y ^>2 5 1 _hf£^ 7 ^ig2 
^SB^— ^§I#U1L«*2 2 2±i:^-xiH 
26£r, £efC^l"^^3l#ffiL®*2 3 3i(l^i/^ 

[0 0 3 7] ft*3, MX (O (OftfoOiCi/y n^ctO 

fctt^f-Sfetto/hSv^a^ (B) i^Sf (N) <n-7tm 
[00 3 8] 3l*£#J 3 

[00 3 9] (a) {C*3^-C\ S ilffi2 0±ICn+a 
&Ji 2 3Un- 3^^12 3 2 L,a*>T 7 

h7>^^ (Dmmm ^ -f -vi- Ktttu* 2 8 

fiK-t"5 0 Kft:R2 8^^^^{CL-C^U^^?l^mLffl 
N+ MfS$c2 3 3«rJBrt"t-5. (b) tr^T, KfbR 
2 9 1 3r n- ^ 1/^^12 3 2±KJgJ« LfcSL -e^± 

KPR«r^** i LT«»SMb«2 9 0Srx y fy^t 
5 0 S5>i:tWTWn-3^^i2 3 2S:ll*ttxy 
f^Ltn-3^12 3 2JCj«SrJBrt'rS 0 (c) 
K*5WC, US** h*PRSrl**Lfc«l^ ->y^^ 
/u-e = 5rA«JI(S i i-xGex)JrCVDSMffl^t« 
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*«» 5 J; 5 tcgiR^ tr * * * ^rt * Stt^y^y 
y/U-rner^afi (Sii- x Ge x ) 2 4 SrJBjS U 

M<bl*2 9 OS:— «I»*L-C35»e>. PS^I2 2 1 

^Mts 0 (d) icfc^-c, ^«^v<— ^si^ul 

S*2 2 2 £ffMLT, Wt«ft;*2 9 l ^Mlt^ 
3r*««SrBlPLfc«-e*l»*^y3V2 5lS:Jf 

t5o ^tt, BBP«S«r«5J:5K#j|**v'y3^2 5 

1 £r;tJnXi-£ 0 *ffi*^U)(2 9 2 ^&LJ15r 

io LTtr^5i*nfc>f ^vostt{bfc«tu^— ^»2 2 1 

Sm«lftffilt{UR2'9 1 ^Sffi5r£{fclgl2 9 2^ff^ffl 
JSSSrBBPUT. #3£ e V>y =1 > 2 5 1 * y 

2 5 2^ ^SB-<— *§l#ffibffi*£2 2 2±iC-<-^m 
S26^, £*>lZ=l'9 93\%mi*ffi£2 3 3±iZ=tl' 

[0 04 0] SHfi« 4 

ai3fi, *^^oJEicffeo^J6^J^/<^*-^ h7V 

v?**<0*SSr*L-C^5 o (a) te^SHk (b) tt 
LfiB«2 2 2S?<?v<><#— 5 h5>"^^©$B»^/; 

[0 0 4 1 ] HUfi, *36J6«<o^>f 3^— 5 h 7 v 
**^*S3SX6Sr*L,-C^So 
30 [0 0 4 2] (a) fcteV^T* S iSfi2 0±Cn+l 
&J12 3 1 tn-3l/^^|2 3 2&»/*L'<-r#— 9 

^-TSo M2 8^^tlt3l/^^?|#ailffl 
n+I*«2 3 3«r»j«t5. *fc, [s1«(C#^ e H a ^ y 
= V 2 6 1 £r*f S U * 2 9 1 L, 
Sf«^H!P»«r»«bfc*, 3i/^^5l#fflLfflN+S 
«*2 3 3<©BBP«8tCO*.u^ hJRPRSrft#L, 
-^IM^^ny (B) Sr>f^->'.*T*>ii*i"5o 
(b) tCiot^T. XI2 2 l±(05BP^coffl!lB(cg? 
40 YbH[^e>ft5*>f K9*-A^SW1 t. £t>lC*<D±lC 
*{tR^bft5*-f K>?t-^SW2 4rfM, 

-^ASr^^v-fr^iA^-rSo (c) ic4o^r. 
a»e>fcsiNr K^-^sw2^ii/:fi;^ B v> 

yn>251 Sr±6«U^^ y$m&V> K-e°v^ffl(-St 
*^^^-^ft^iA^-r5o ^^m, BBP»Srl»9J:5l- 
#ifefii/y 3^2 5 1 SrJPXi-5o -tf>^ JRfflSI^J: 
otl BS^W^^-^^221 1 =. $ y 9 2 1 tm 
^$ix5 0 ^-^«*^#HB5I#U1U«*222 
fclRH*l£»/aSft*o (d) ld*sv^-C, «B*«{bl!!2 

50 92 ^sti, gpfl*fe»^K j fkJK2 9 1 tmm&fcitm 
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2 9 2^Bf*««S:BBa L"C. #8i->!)3y2 5 i± 

2 JbK ^261 ^Lt^-^lli2 6 2 
Sr. S6IC3^^3l#lilL**2 3 3±K3^^t 

S27 SrJKrici-So 

[oo43] mmm 5 

0S**^— K2NAND) BBSS:* l/r^5 c (a) ttEK 
(b) fi^lr/uo— WE^^L-CV^. 3 Of* 
liMB'*^*— 9 h7V^^Tfc^ 3 ltep^-r^ 10 
SOMOS h7yi/X^T\ 3 2ttnf-)r^I©MO 
S h^v^^-CfeSo UtTlE^*— 9 h7^^^5: 

-So sfc, sfrK'M#— 9 i&WKMS. 
[0044] mtt&m 6 

L (NORftlttJ*^*ffiffl) hTW <E>EBSISS:* 

tt^^o Ia^i2A*NORffl<olaKlas:*b-cv^5 0 20 

<£>"C*fc5 0 ECLlHlSSfi. finish y*?Wa&VZ$$$ 

[0045] mmm 7 30 

H17B, j^/<>f#— 9 F9>^;****fflUfc*9 
>ZfMfeV rt?A-£*lft^LTV^o (a) ttlSKiaSr. 

(b) fctWffi«ag«r*L-C^5o 4 0 fctv'a y b 

*t~s<ijj r • ¥4*— K (sbd) Sr, 4 l teA^gfet 

5 ^ £ -C\ Tf^-y ir/KDKjf^^ct 9 KiSft^S Ci*^ 
[0 04 6] 8 40 

^^y si, T^^-yasotti^ft^- 

JS^V^-C»JI«a«r3ltTU-cm/}-t-5^— ^ * * b9^ 
9^(Data Structure ;D S) nt/U5 5, Si@3£^: 
tfttttSD-dfty^^^y 5 2, STffmo&coift 
❖ Sr=^^y>3L^^y 5 1 A>&B6*ttJ-t-fc*0>7' 

* • h7y^^-/u^7^YK' 
s<y?7> (Transistor Look -aside Buffer; C — T L 50 
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B) 5 3 a. StJf«*(D|i37 K^tD-^t 

mD-TLB5 3 bfC±oT«/S$ftT^5 0 
[0 0 4 7] iS^<7?"^-f ^n^n-fes/^-Cfi, > ^ y ± 

asfflv*b;h/r^5<7ve, a»»^tc«lilE^#— 9 H9 
SrH3iT*#£ 0 ffilr>M#-9 h9V^*^m, 

[0 0 4 8] 

[0 0 4 9] s<> K*-r y:/Ss*5 y ffl^b 

^fig««f^v K3r> 5'7 p t / H^t5^^il^ 
Sb*fc:<fco-Ct>, ^^-7 h9^**^i«i£ffcS:ffi 
-To 

[0 0 5 0] x^y^iUffli^K^ty^S: 
S£*f5f^ffl«r»o«* (C) Sfctt, v^y^y (s i) 
<fc 9 fcJBK^^O/hS^sKnv (b) i£3f (N) £r*g 

[0 0 5 1] BHtffiHTWV!/ = 
(S i i- x Gex)^5y**«itTtt«)rt«fcRlt5 

rtiC^oT. v-y xt (Sii-xG 
e x ) as«j?MfcSft*wilc;te9. tt^FRBE-frfc ± 5 5 

[0 0 5 2] £«SBi::*5^-C. x^y^«*<?)BiSr 
A (Sii-xGex) i^iSC»4«^^7>f^h 

f£{£(cj;6/<-f #-9 h9>^**o*«tt«rt£0>s&fl: 
[0 0 5 3] £«*9ir£t* (C) 5r^A-rSwtfi, 

y 3 v^y/u-e^. ^^t(piD< ivK^5E*-e» 

«««c*tt"e*>9. 3ft»o5/y xt yi 19 fctt^SSto^S 
v^c^lc->y xt > i: y/u-^ - (Oft^-^FM^JC J: 5x1 
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[0 0 5 4] £ffi*Bl-->!J si'Jzfl t*-f-3t*dS/hS 

«tc*o^ (C) in^ty^Mff^tozo 
C0tc^ (#Jx.t*^nV (B) (N) ) <o#a*->y 

[0 0 5 5] ^y^^r^^-^f g^f pg 

[mi] *^o-*fi«^*-7 hyy^^o 



16 



7h7 20 



[HI 2] 0 1 ^>Hlfi0»J<7>SE?eWi: Ltro^jR 

[ei 3] in i <Dm&m<omt£Z>^Mmt lt^/m^- 

[124] ^^^ffi^Htfi^W^-7 h7V^^ 

^spsiaavwfsiao 

[B5] H4^W h^V'^^^Kafixeiao 
[07] 16^^» 9 h7^**<0*tffiXgl2o 

[0 8] m4<Dmkm<?>mmmt lt^w*— 9 1-9 



10 



30 



[0 9] H4^**«<o!E«c:fttt53e««t uto/<>f 
tK— 9 b^v^^oSSafiXSia, 
[010] 0 4OHSS^JcO5£^fdico^^J<i: LTCD/W 
h9V^;**<WR5gXg|2o 

[011] m4<onffim<nmv>$mmt l-c<tv<-<#— 
[012] *^^^ftfeo^js0ijo/<-r^-7 h7^^ 

[013] *38Wo5icfBKO*J6«iJ^>f h7V 
[014] 01 3<Ds<4tf— 7 h7>v?**<7>8!i§Xg 

0o 

[015] #3S9i'<>r#--7 h7^**«H£fl!b*:Bi 
CMOSS^y— h ( 2 N AND) 1?A-<£>K®0 O 

[0 16] ^aSW'WsK— 5 h5>^**SH£JHU!:E 
CL (NORfflOUJ^^MStflJ) y-h7W©2A^N 
ORffl<D[e]&&0 o 

[017] *3B9j»<>f#-? h9>^**«:«MlL*:? 
9 Vv^S!* * V ir/uco[H]K0S:t/^ y -fe/K^WrEHo 

[018] ;£3§^<-f #-9 H^V'^^Sr'iBfflLfc^ 
^f^cx^o-feyi^ospffiiao 

[019] 4>£n#J<7VM#— 9 h7^^^coWit* 
2 0-Si£fi, 2 

^/Uvr:5rAli (Sii-xGex) 2 5-xv> 

2 6-^-^lS, 2 7-3^^tS, 2 8 
•••^-r-^K^bK, 2 2 l--<-^jf, 2 2 2 

2 3 1- ^^«i, 2 3 2-n 
-nu^l, 2 3 3-3^^lltffiU««, 291 

-at. 2 9 2-*ae*^kBi. 



[019] 



6 



1 9 
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[H2] [MS] 

2 05 




ai 



(12) 
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[03] [12 7 1 

i 3 H 7 



221 ?33 




222 



[03 4 ] 



(13) 



[H6] 



#i¥5-l 4 4 8 3 4 
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[Ell 2] 
B 1 2 

233 




222 21 



[113] 



B 1 3 




21 



[0141 

a 1 4 




(15) 



«H5fl¥5- 1 4 4 8 3 4 



IB 1 5] 

m 1 5 




Vcc 

(b) o 




[116] 

m 1 6 

vcc < mttm ) 




Vee Vtt 



(16) 
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m 1 7] 



ta) 





231 



[118] 

m i 8 

53a 



D-TLB 



C — TLB 

— V 



I 



DS7^ n-tz 
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•54 



-55 



